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ABSTRACT 


A model explaining physician supply. in the United 
States from 1953 to 1973 was postulated and estimated. 
Factors affecting the supply of foreign and domestic 
physicians were examined separately. Several aspects 
of medicai school capacity and physicians' income were 
also developed, and recent trends in medical education and 
the training and licensing of physicians were examined. 

A model for examining the selection of medical specialties 


was proposed. 
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I. INTRODUCTION 


The advent of the All Volunteer Force has had a 
Significant impact on the projected ability of the military 
Services to recruit and retain physicians in numbers suf- 
ficient to operate the military health care delivery 
System at its historical level. Thus more attention 
must and is being given to the qunatd heation oF those 
elements which affect the flow of new physicians into 
active practice in the United States. This is a necessary 
first step in constructing a model which would assist the 
Services with their particular physician problen.' 

Erence wohnsen, after reviewing the literature and 
examining the historical production of physicians since 
1910, prepared a model to explain physician supply [Ref. 1]. 
Using Johnson's work as a basis, a more refined model 
was developed and estimated using data from 1950 to 1973. 

Focusing on the monetary aspects of students' decisions 
to enter the field of medicine, a series of equations was 
estimated that explains the yearly production of domestic 
epeecians. in addition, a set of structural equations 
was formulated, put not estimated, which might describe the 


economic factors influencing a medical student in his choice 


of a specialty. 


‘This research is a portion of a project being funded by 
myeotems Analysis Division, Office of the Chief of Naval 
Operations, examining physician supply. 





. 


The elements which caetewmine the flow cf foreign 
trained physicians into the United States health care 
delivery system were examined and modeled. Finally, the 
existence of barriers which prevent foreign physicians 


from practicing in this country was addressed. 





Dive THESMODEL 


The supply of physicians entering the medical profession 
in a given year (or accessions in year t) comes from two 
sources; they may either be graduates of domestic or foreign 
medical schiGiee In equation form, accessions are defined 


in year t (A, ) as: 


A. = FMGL, 7 DMGL, (1) 


where FMGL, represents foreign-trained physicians licensed 
for practice in the U.S. in year t and DMGL is their domes- 
mmc counterpart. Their aeRDeeisigns paths entering the system 
ere guite different, and must therefore be considered 
Separately. 

A foreign medical graduate (FMG) desiring to practice 
medicine in the United States faces certain obstacles before 
he may apply for licensure. He must first pass the Education 
Council on Foreign Medical Graduates (ECFMG) examination. 
The annual failure rate in this examination is high, and 
greatly restricts the number of foreign physicians eligible 
to seek licensure in the U.S. Yet the financial benefits 
of becsming a licensed physician in this country are 
substantial. 

In the present model, the number of foreign medical 
graduates who have applied for but not yet passed the ECFMG 


exam will be designated by the variable POOL, inasmuch as 
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they literally represent a pool of potential licensed 
physicians avaiiable to this country. POOL is assumed 

to be a function of the net median income of a U.S. phy- 
Sician (INCOME), and the He torncen probability of 
successfully passing the ECFMG exam (PASS). This relation 


can be represented in general form by: 


} = f : S 2 2 
POOL, = £(INCOME, ,,PASS,_,) (2) 


Once a member of the POOL has successfully completed 
the ECFMG exam, he is eligible to seek licensure in the 
State in which he desires to practice. . However, requirements 
for the licensure of foreign medical graduates vary greatly 
mom State to state. Since a substantial portion of these 
doctors never become licensed physicians, the number of 
foreign medical graduates actually licensed to practice in 


the U.S. (FMGL) is modeied as a function of POOL. 


FMGL, = g(POOL,_,) (3) 


X 


2In this and in all subsequent equations, the subscripts 
represent time in increments of one year. Given that time t 
is the year being examined, a subscript of t-x is the value 
Of that variable x years earlier, reflecting a delay (or a 
Mag’) of x years before the impact of a change in the inde- 
pendent variable (in this case INCOME) would be reflected in 
the dependent variable (POOL, for instance). This period is 
normally interpreted as a delay in the fiow of information, 
or the period of time that passes before this information 
becomes a basis for decision. The exact value of these time 
ites. tor each equation to be, examined, will be specified 
in subsequent chapters. 
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The number of domestic medical schocl graduates can be 
modeled in more detail. A student who has completed four 
years of college may apply to medical school. Undoubtedly 
many of these applicants are motivated by highly personal 
or idealistic goals, and would seek to become physicians 
at almost any income level. Nonetheless, most applicants 
may be peesuned to besintluencedy to 2 significant extencz, 
by the previously discussed variable INCOME, and the amount 
of federal scholarships and loans available to medical 
students (FSL). Thus the number of applicants can be 


described by the equation: 


APPLICANTS, = h(INCOME, ,,FSL,_.) (4) 


It iS necessary to note that medical schools in this 
Bouncry have been operating at capacity for the time period 
covered by this model.*? In their annual report on medical 
education, the Journal of the American Medical Association 
has used identical figures for "enrolled students" and 
"capacity" since 1950. The question then becomes, "What 
affects capacity?" 

Previous studies have claimed that the capacity of 
medical schools is dictated by the American Medical 


Mesociation in accordance with their own self-interest, 


3For purposes of this model "capacity" will refer only 
to the capacity for first-year enrollment, and not the total 
Sipacity Of the school. 


eZ 





aad perhaps this is so.* This model is not structured to 
examine this hypothesis directly. Identifying (and quanti- 
eying) this type of influence would be extremely difficult, 
and would require a separate analysis. But other factors 
presumably exist which should-exert substantial influence 
Gene decision to expand or reduce capacity. Certain 
federai legislative incentives (FLI) to increase capacity 
may well have had an effect.* The demand for increased 
capacity, as reflected by applicants, should also be signifi- 
Cant. Certainly if it can be demonstrated that these 
fac®ors exerted oniy a nominal influence on the overall 
@apecity, such erent would be consistent with the hypo- 
-thesis that a strong external constraint to limit the growth 
of medical schools does exist. Whether or not this con- 
straint might have been imposed by the AMA would, of course, 
not be discernable within this model. 

We will examine the following relat ianehie between 


Capacity, applicants, and legislative incentives: 


CAP, = m(APPLICANTS, _|,FLI ) fy) 


eae 


*Self-interest in the sense that a shortage in physician 
wmomy in the U.S. drives up the price for physician services, 
Manufacturing artificially high salaries for the member 
Meeecacians. For an examination of these studies, see 
Reference 1. 


5State legislative incentives might be even more sig- 
Merecant, particularly for state institutions, but modeling 
this would require an examination of the capacity of each of 
tie medical schools individually, an effort far beyond the 
meerpe Of this research. 


ILS 






4 = 


The number of students actually graduating from medical 
school (GS) will be defined as the number of students 
entering medical school minus an attrition factor. Studies 
have shown that the principal cause of attrition among 
medical school -students has been academic failure, followed 
bya loss of desire to become a doctor. Lack of financial 
Support appeared to be rarely a-provlem [Ref. 2]. It will 
be assumed that the percentage of entering students graduat-. 
ing four years later is a constant factor k. Moreover, 
Since capacity is identical to the ninber of entering 


Students, we can define GS to be: 


= rt * 
BS, 2 le ONE 7 (6) 


It should be noted that graduating from a domestic 
medical school does not imply automatic licensure. Each 
graduate must complete a specified period of residency 
before he is eligible for licensure, the time required 
being dependent on the particular medical specialty he 
desires to enter. 

In previous years, this period was separated into a 
one-year generalized "internship," with a subsequent two 
or more years of specialized "residency." But the current 
trend in medical education is for graduates to go directly 
from medical school into residencies, with internsnips 


6 In 


being completely phased out in the near future. 


°See discussion in Chapter Ii!. 
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this model periods of internship and residency will be 
combined under the term "residency." 

Attrition during this period has not been examined in 
the literature, but it appears that almost ali domestic 
medical school graduates are licensed at some time subse- 
quent to graduation. In fact, the American Medical 
Association, in its annual Distribution of Physicians in 
the United States has included interns and residents as 
mepart of the total physician strength ot the United States. 
Thus the equation for the licensure of a domestic medical 
Sraduate Will not be examined in detail, but rather pre- 
sumed to be a mechanical relationship represented by the 


eguation: 


5 OS ns al (7) 


= * 
DMGL, = 2 GS, 


The formal model is now complete, inasmuch as the sum of 
DMGL and FMGL is the annual accessions to the medical pro- 
Hesston, as discussed in equation (1). But A, can also be 
defined as the summation of physicians entering each of the 


medical specialties.’ Consider the equation: 


’For this equation, the corresponding values for i will 
mem - General Practice; 2 - Internal Medicine; 3 - General 
mimeery; 4 - Obstetrics/Gynecology; 5 - Pediatrics; 6 - All: 
OeEner . 


Ws 








Witee Lactors influence a young physician in this 
decision process? One might be the opportunity cost (oc?) 
in Bes ing Specialty i instead of specialty j, where j 
represents the specialty having the greatest financial 
return. Given the nature of this market, the job oppor- 
munity (JO) or the need for more specialists of type i 
might aiso have an effect. This is BC ike because the 
availability of residencies within a field and the oppor- 
tunities to practice in that field after licensure would 
probably influence the individual's decision. Thus the 
number of physicians entering each specialty may be 
modeled as: 


t-x. 


Bee = (OG Maar TOns.. ) (8) 
, at 1 


with ery determined by the difference in median incomes 
1 


in year t-x,, and JO, defined as the percentage of 


X - 
1 


Mest@cencies filled in specialty 1 in year t-x. , ene wlnNbe hvad 


Xs Werving according to specialty. 
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SS a 


While the foreign trained physician represents the 
short-run supply response (see Chapter IV) to changes in 
needs or demands for physicians, the model postulates the 
domestically trained physician as the long-run supply response. 
That is, the number of physicians that can be produced 
(trained) at any given point in time is constrained by the 
capacity of United States medical schools at that time. In 
order to increase this capacity, existing facilities must 
be expanded or nae fact rites GONstructed. “OUaliti1ed 
personnel must be found to administer and teach in these 
facilities. After the initial decision to expand, construc- 
mom takes the majority of the time before new facilities 
can be put into use. Moreover, even if construction were 
instantaneous, it would still require a minimum of three 
years for any student to successfully complete his education 
in the new facility.® 

Upon completion of medical school, the graauates are 
not yet able to practice. They must be licensed by one of 
the individual states or the national licensing board. This 
requires passing a written examination and completion of a 


year of internship/residency. The minimum amount of time 


®A medical school education would normally take four 
years. However, under the Health Manpower Training Act of 
1971, special incentives are provided to reduce the length 
of training, and a significant number of three-year graduates 
are now being produced. | 
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irom the Opening of a new medical school until its first 
graduates become licensed physicians available to practice 


is thus a minimum of four years. 


A. FACTORS AFFECTING CAPACITY OF AMERICAN MEDICAL SCHOOLS 

During the period examined there has been a surplus 
of applicants for medical school (see Table 1). It appears 
meat the binding constraint is not the lack of qualified 
applicants. 

While perhaps a decade ago medical school administrators 
had argued that the number of qualified applicants was 
insufficient to justify any substantial expansion, this is 
certainly not true today. The academic profile of the 
fmomected applicant has improved considerably. Pressure to 
accept students of minority groups has resulted in appli- 
cants who would probably have been considered unqualified 
being accepted, and their subsequent satisfactory performance 
and graduation is a strong indication that the large number 
of better qualified non-minority applicants rejected by 
medical schools could reasonably be expected to support 
any expansion. Only in those state-supported medical 
schools that are required to accept a set quota of resident 
applicants could the availability of applicants be a real 
Semstraint [Ref. 17]. 

Instead, the capacity of existing medical schools 
appears to be the binding constraint, and for the purposes 


of this model, it was assumed that all medicai schools 
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TABLE I 


MEDICAL SCHOOL ACCEPTANCE RATES 
OS 2 


iy 


Ico 


Academic Year Applicants Acceptances NEGepcance hate 
50-51 1h ts, Tog ae, 7,254 52/0 
51-52 ioe a) O05 Sieh ges 
52-53 Io yao)S fe ts 46.4 
oa o-54 14,768 T7350 525 
1954-55 14,538 (IS Jes Sh 
55-56 14,937 7,969 53.4 
56-57 15 59a Si7,0.5 SE.9 
5! - 58 5579) S25 02 5210 
58-59 AES? 0 8,366 Doak 
1959-60 14,952 8 .75ae2 20 9 
1900-61 ih 5.07. 8,560 5:9, 9 
M361 -62 14,381 Soe Z 60.4 
1962-63 So / _ 8,959 S10) 4 
m6 5- 64 iy oce 9,063 es 
meo04-05 19,168 9,043 47.2 
205-66 Se 7 03 9,012 48.2 
mo60-67 18,250 Oe eS 5020 
m307-08 18,724 Sed) /e Ses 
1968-69 2 Mp Ay HORUS 2 47.8 
09-70 24,465 10,514 43.0 
7 0-71 Zs Ou 11,500 46.0 
me 71-72 29,172 25535 28 
m7 2-73 SOs So 1S ey Soa 
Source: Reference 3, page 909. 





are Operating at full capacity. Rather than defining 
capacity as the total-enrollment in medical schools, it is 


defined as the number of first-year openings. That is: 
CAP, = ES, 


It is at this point in the system that increases (or 
decreases) will first become noticeable. 
1. Applicants 

The number of applicants applying for medical 
school in a given year represent the pressure of those 
mestae the medical profession desiring entry. It is 
assumed that this pressure is not considered relevant for 
Meoeeity decisions if it 1S transitory. AS a consequence 
the model has been designed to evaluate the effect of 
applicant pressure over an extended period of time. To 
reflect this pressure for expansion, the modei uses the 


sumeot applicants over the last three years under the 


variable name CANTS3, where 


1 
CANTS3S = 2 APPLICANTS, 
ise 2 


2. Federal Incentives for Increasing First Year 
Enrollments 
The variable FLI represents the total federal 
obligations to medical schools in the area of undergraduate 
medical education, including loans, scholarships, operating 


femes, and construction funds for teaching and research 
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iPte@atiatres. Ihe first legislation to make a substantive 
impact in this area was the Health Professions Educational 
Assistance Act (HPEA) of 1963, and the resultant contribu- 
tions to medical education showed a marked increase begin- 
ning in 1965 and continuing to the present (see Appendix A, 
Table XII). As a consequence, two variables were used, 
meen MINFLI representing the relatively minor obligations 
from 1950 to 1964, and MAJFLI representing the increasing 
obligations from 1965 to the present. 

This division enables one to distinguish between _ 
@eneralized federal funding, offered to a wide variety of 
educational institutions which happened to encompass medical 
maneois, and the concentrated efforts of the federal govern- 
ment to stimulate the growth and development of schools of 
medicine. 

These efforts have been substantial [Ref. 4]. The 
HPEA offered federal financing for up to two-thirds of all 
new construction or renovation done with the intent of 
meerecasing the capacity of a school of medicine, and initiated 
pmeprooram-oOit scholarships for medical students. In 1965 it 
was amended to implement the scholarship proposals, and 
included an authorization to provide federal support for 
Seemarting costs and such improvements as were necessary to 
strengthen the accreditation status of schools having diffi- 
culty in this area. 

In 1968, the Health Manpower Act extended the 


mmevisions of the HPEA Act, and established the Bureau of 






Mealth Professions Education to administer the Physician 
Augmentation Program, a program designed to increase first- 
year enrollments (defined as CAPACITY by the model) by 1,000 
students by 1970 [Ref. 5]. The award of any basic improve- 
ment grants was predicated upon an enrollment increase of 
meeleast five students, or 2.5% of the first-year class if 
the enrollment already exceeded 200 students. This act 
also established the priorities of increased enrollment, 
financial distress, curriculum improvement, and reduced 
Peraod of training. 

In 1971, the Comprehensive Health Manpower Training 
ACT (CHMTA) shifted the emphasis to a program of "first- 
dollar" capitation grants, providing $6,000 per graduate 
towany School increasing its initiai enrollment by 10 
students (or 5%, if enrollment exceeded 200 students). 
Scholarships were incorporated into the Federal Guaranteed 
Student Loan Program, and these funds were now distributed 
among the schools on the basis of the number of enrolled 
students from low-income families rather than total enroll- 
ment, an attempt to stimulate minority selection. To 
encourage a shortened period of education, additional awards 
were Provided for each Student graduating in three years, 
or completing a combined six-year program of pre-med and 
medical school. A separate source of funds was established 
for schools of medicine opening after 18 November 1971, 
with a sliding scale from $10,000 initially to $2,500 at 


miewend of the third year for each student enrolled in the 


aa 





school. The federal share of financing construction was 
increased to 80% for new schools or major expansions of 
existing schools, and 70% for all other. 

The increased funding due to this major effort can 
be observed in Appendix A, Table X, and the effect of these 
funds as shown by the elasticity is discussed in the next 
section. While other pressures may have encouraged expan- 


Sion to some extent, the magnitude of the increase in the 


-,late 1960's contrasts sharply with the growth in prior 


years. Perhaps the most telling fact is the major jump 
in the 1972-73 enrollment figure. At a time when the 1968 
act had already brought about substantial expansion, and 
the 1971 act gave no credit for previous expansion in 
determining eligibility for capitation grants, every eligible 
medical school has met the expansion Rennesecnone: wey joe ee 
ipate in the capitation grant program [Ref. 4]. 

Peeessteimated Bebavioral Relationships 


mncestochastic £orm of structural equation (4) 1s: 


CAP = CANTS3 + 8 MINPLI He Ms) 


1 MAJFLI, SE Cah) 


ee SO 53 54 


where CAP is the capacity as previousiy defined, CANTS3 is 
mies sum of the last three years' applicants, MINFLI,_,. 1s 
m@eeeminor federal obligations in millions of dollars 

lagged by one year, MAJFLI, 4 is the major federal obligation 
je millions of dollars lagged by three years and pu is the 


managom disturbance term. 


23 






The particular lags selected are based on 
approximations of the response time to various incentives 
offered. While minor funding normally tcok the form of 
direct support loans or grants, major funding influenced 
both immediate increased enrollment and long-term construc- 
tion of expanded physical plants, requiring a substantial 
Mae tO incorporate both facets of this effect. 

The coefficients to be estimated are represented 
by the Greek letter 8.? The disturbance term, u, is a 
random variable and the following classical assumptions 


concerning the disturbance term and the data were made: 


E(u) = 0 (1) 
| ne : 

Eigie ) =—wo~ I 2) 

xX 15a. fixed@matrix. (eS) 


X has a rank k.?° 


fmanenr to aqiscussing this question in further detail 
the implications of assumption (2) regarding the disturbance 
mom, Uw, must be examined. In relation to time series data, 
memimplies serial independence for the disturbance terms. 


iieeat &£S covariance of uy and wu is equal to zero. “"When 


ck 


mime the subscripts of the coefficients the first element 
refers to the number of the equation. The second element 
refers to the order in which the independent variables 
appear in a specific equation. 


“xX 'as the matrix of observed values of the independent 
Variable. k is the number of independent variables. 
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fealing With a time séries that is increasing this may not 
puays be true. It is a distinct possibility that the dis- 
turbance terms (H,'S) follow the first-order regressive 


scheme: 


- + 
Me ee Se 


= 


where |p| < i and ce, satisfies the following assumptions 


tc 
for all t: 
E(e,) = 0 (1) 
Ee Eto) = O° p = 0 (2) 
Ele,» 4,,) 70 p #0 (3) 


Pimeiits 15 the case, first-order positive auto- 
correlation is said to be present in the data and should 
De taken into account and generalized least squares rather 
than ordinary least squares ed to estimate the coefficients. 
If this is not done the sampling variances of the regression 
coefficients would be seriously underestimated resulting in 


+ Sincere se imation «Our 


inefficient predictions by the model.? 
M@emvariance of the coefficient will also result in larger 
Pestatistics and the possibility that an independent variable 


fee be included in the regression that should not be [Ref. 6]. 


11Inefficient in this sense means the prediction of the 
model would have variances which would be larger than those 
resulting from using generalized least squares in estimating 
fee coefficients. 
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Durbin and Watson developed a statistic, known as 
mie Ourbin-Watson "d" Statistic, which is useful in testing 
for autocorrelation when the sample size is small [Ref. 7]. 


The d statistic is: 


be 2 
ciel 


where e is the calculated residual, t the time period and 
n the number of observations. Unfortunately the sampling 
distribution of d depends on the observed values of the 
independent variables so it was only possibie for Durbin 
and Watson to establish upper (dJ and lower (d,) limits 
mor the significance levels of d. 

insorder to determine whether positive autocorrela- 


meon Was present, the following hypotheses were tested: 
H : sium = o*] 


ee: Cov(u,; ee eae to lee een 


Met 


The Durbin-Watson test statistic, d, was used. If d was 
mecater than the upper limit, di for the given significance 
level, H, could not be rejected at that level. If d was iess 
fhan the lower limit, d,; H could be rejected but if d 


falls between d, and a Ene! test lS sInCcone lus ive. 


I 


Ordinary least squares was first used to estimate 


Mie coefficients in equation (5). The Durbin-Watson Stati stice 
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d, was less than d, (see Appendix C) indicating that first- 
order positive autocorrelation was present in the data. 
Generaiized ieast squares was then used to re-estimate Bey» 
ye 53° 2nd Bea 


The Cochrane-Orcutt iterative technique was used to 
Serimate the first-order serial coefficient, po, of the dis- 
turbances. This technique uses ordinary least squares to 
form an initial value for rho. The following iteration 
then takes piace: 

(1) Ali data are transformed by rho 
me, X, - pX,_4)- 

(2) Regression is performed on the transformed 
data. 

(3) The regression coefficients are 
multiplied into the original dependent variables to 
mecalculate the serially correlated areas. 

(4) A new estimate of rho is formed. 

(5) When rho changes by less than .005 from 
Ome iteration to the next, the process stops and regression 
output is produced [Ref. 8]. 

Data transformed in this manner adheres to assumption 
(2) and ordinary least squares may be used. 


The resultant form of equation (5) was; 


il 






CAP = 4528 .07+0.085CANTS3+27.99MINFLI, _ +8.64MAJFLI, 1? 


R2=.9856 


1 


o 


(693.95) (0.013) (19.19) (2.86) 


ie. 25 | (Or Sa [1.45] [30 


The Durbin-Watson test for this equation did not reject 
=: 

Students! t-test (see Appendix B) indicated that 
mans coefficient of MINFLI,, was not significant above the 
femety per cent level while the remaining coefficients were 
Significant at the ninety-nine per cent level. 

The elasticity of the dependent variable with respect 


to the individual independent variable was calculated at the 


meaareot both variables and the most recent observation 


Mieademic year 1972-73).’* In the case of applicants 
ECRD, CANTSS 7 .50 while PCAP.., CANTS3._, .56. The elas- 


Mieity Of capacity with respect to MAJFLI was calculated 


medhe term in parentheses is the standard error of the 
Petimated coefficient, while the term in brackets is the 
mammucted t-Statistic of the coefficient. The term at the 
mmeeot the equation is the adjusted coefficient of multiple 
@empelation, R*. This format will be followed in alli of 
Mme eStimated equations. 


13Appendix C tabulates the results of the Durbin-Watson 
tests for the estimated equations. 


=a poe Ghee bast 1c i ty. 
In the model the 


meeetne relationship is linear, 
fees piven by the formula: e x 8 
3 
Meeethe point estimate of the coefficient, X is an observed 
value of the independent variable and y is the corresponding 
@eseenved value of the dependent variable. 


Y 
a 
uf 
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pomoem04 at the mean values and .12 for wzademic year 
moyz-75. It would appear that while federal monies are 
having their impact, the primary motivation to expand is 
resulting from the press of applicants clamoring for admis- 
sion into the select society of the licensed physician.?5 
A useful summary statistic which measures the pro- 
portion of the total variance of the dependent variable 
accounted for by the linear relation fitted is the coeffi- 
mint Of multiple correlation (R*). This statistic, 
adjusted for degrees of freedom (R*), for equation (5) is 
-9856. Almost the entire sample variance of the dependent 
variable, CAP. wos explained” by the hypothdsiized, linear 


oat. 


fee ACTORS AFFECTING THE NUMBER OF APPLICANTS TO MEDICAL 
SCHOOL 


Because the number of applicants in previous years 
has an effect on the capacity of medical schools, it should 
prove useful to examine just what factors determine the 
number of applicants in any given year. Certainly the 
reasons a college student applies to medical school are 
numerous and compleX (e.g., prestige, humanitarianism, 


mmeome, aptitudes, family tradition, etc.). However, all 


Melhe elasticity of MINFLI was calculated at the mean of 
both variables and in 1964, the final year with observed values 
@erethis variable. The results were .0067 and .0073, indi- 
cating that minor spending by the federal government has 
Mm@eele if any effect on the capacity of medical schools. 

The results of the t-tests which require a lower level of 
Significance for this variable to be included in the model 
@emeirm this hypothesis. 
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of these factors cannot be examined here, and it is proposed 
that the income of a physician and the scholarship and loan 
funds available to the student to finance a medical education 
affect a sizeable portion of the students. These factors 
can be evaluated with the same regression techniques used 
ireche previous equation. 
ieeetncome: ° 

A great deal of difficulty was experienced in 
Obtaining consistent income data for physicians in the 
Mnaeced States. Due to the lack of Internal Revenue Service 
data and any consistent data from other government sources, 
the authors were forced to use median income data as 
published by Medical Economics in its new annual survey.?’ 
Unfortunately this survey only became annual in 1962. Prior 
momenat it was published every three or four years. In 
order to avoid the potential problem of missing observations 
in the income time series, a linear growth rate was assumed. 
The missing observations were replaced with the interpolated 
figures. 


In recent years there has been a trend away fron 


self-employment toward incorporation by physicians on the 


16See Appendix H for a more detailed discussion of 
problems involved in the selection of a valid indicator 
for income. 


17As reported to the authors during a telephone conversa- 
meee ith tRS statistician Jack Blackssin (202-964-6111) on 
14 January 1975 the only income data available was aggregate 
Paitiaons reported by doctors' offices. This data has only 
been kept since 1958 which includes a gap in 1961 when the 
accounting procedures were changed. 
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higher end of the income scale. Presumably the primary 
motivation for this is to escape some income taxes and to 
benefit from the more liberal corporate pension ailam laws. 
The constructed indicator of income attempted to compen- 
sate for this phenomenon. 

The final variable for income consists of net median 
Sernings for all self-employed physicians up to 1969./°°?° 
From 1969 to 1973 net median earnings were used for only those 
eeit-cemployed physicians practicing in partnership. Since 
Pertnerships tended to earn more than solo practitioners or 
the median for all physicians, it was hoped that this would 
compensate for the shift of those physicians with higher 
micomes to incorporation. 2° 

te Federal Scholarships and Loans 

All of the federal legislation discussed in the 
meetcion on medical school capacity included substantial 
contributions to the loan and scholarship funds of the 


various schools. While the available loans and scholarships 


18Tn constructing the income variable the lower salaries 
a physician can expect to earn while serving as an intern or 
resident were not considered. Also not considered were the 
lower expected salaries an immigrant might face if he were 
not licensed. These factors were excluded because the model 
includes only those FMG's who become licensed. 


meet in this case is defined as income from practice 
minus top-deductible professional expenses but before income 
ieaxes. 


2°Due to the lack of median income data for those physi- 
mens who are incorporated, it was not possibie to construct 
a weighted average net median income for the years from 1969 
men l9/3. 
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TABLE II 


enir-EMPLOYED VS. INCORPORATED PHYSICIANS, 


1969-1973 
Self-employed Incorporated 
Pigs eilans Pi goeG homlons 
1969 95% 5% 
1970 91% 9% 
1971 83% 17% 
1972 70% 30% 
7 3 68% 32% 


Seurce: Reference 9 
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fmerenoc derived exclusively from federal funds, the major 
increases and adjustments in this area have been brought 
about by federal policy and the contribution of the govern- 
Mente Will be used as a measure of the trends in this area. 

itiemii¢alth Professions Education Act of 1963, 
as amended in 1965, authorized the government to provide 
903 of the funds for student loans, with the remainder to 
be provided by the school. A ceiling of $2,000 per student 
per year was intially estabJished, with repayments over a 
Bem-year period beginning three years after graduation, at 
an interest rate of 3%. The amendment increased the maximum 
meme2,500 per year for both loans and scholarships, and 
established a program of loan forgiveness, with up to 50% 
Sethe Laon forgiven at the rate of 10% per year for a 
Physician practicing in an area listed by the government 
as being short of physicians. Total forgiveness of the 
loan was authorized if the physician established practice 
in a low-income rural area. 

The Health Manpower Act of 1968 did little to 
change this program, but the Comprehensive Health Manpower 
Training Act of 1971 raised the ceiling on scholarships and 
loans to $3,500, with loan forgiveness of 85% for a physician 
practicing in an area of medical manpower shortage for three 
years [Ref. 4]. 

The extent to which this program has grown is 
Pemewhat evidenced by these statistics: In 1972-73, 23,561 


of the 47,546 students enrolled in medicai school (49.5%) 
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applied for financial aid, and 22.770 (48.8% of enrolled 
students) received it. The average loan or grant was 
fea? (Ref. 3]. 
3. Estimated Behavioral Relationships 
Equation (4) of the model examines the effects of 
nominal income and the federal student loans and scholarships. 


The stochastic form of this equation is 


APPLICANTS , ae) 1B 


Li] 


ewe 5B 
42 eee) = Baz CES) (4) 


where FSL represents the amount of federal funds available 
fone loans and scholarships (in millions of dollars), and 
INCOME is net median income in thousands of dollars. The ° 


estimated form of equation (4) is: 


APPLICANTS, = 7802.93 + 13.25 (INCOME,)* - 243.42 FSL, R2=.6739 
(1925.7) (1.45) (97.14) 
[4.05] 70) [2.50] 


mension of the coefficient of FSL is indeed puzzling. It 
indicates that an income in scholarship and loan funds made 
by the federal government will result in fewer applicants. 
ftemelasticity calculated for 1972-73 is -0.17 indicating 
an increase of ten per cent in federal funds would have 


resulted in a 1.7% decrease in the number of applicants. 





21Note should be taken that this relationship iS not 
linear, as the variable INCOME is squared. 


22Ror ease of computation the variable INCOME was given 
Mmamenousands of dollars. 
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Although the principle of maximum correlation tends 
to select this formulation as the correct specification, 
Mie test conducted using the t statistic would reject the 
hypothesis, at the ninety-five per cent level, that this 
Soetficient is different from zero. Since there appeared 
to be no obvious explanation for the apparent negative 
effect of federal monies, equation (4) was also specified 


Wathout variable FSL. The respecified equation is: 


APPLICANTS, = 7384.99 + 10.95 (INCOME , )? R2 = 9660 (4a) 
e760 -10)e C1. 25) 
[2.67] [8.72] 


mee R- for this equation is less (.0079) than for the 
@retial specification but either accounts for almost the 
entire sample variance of the dependent variable.?? 

The Durbin-Watson statistic, d, falls in the region 
where the test is inconclusive for both equations (4) and 


(4a). After using generalized least squares, d still 


23The equation was re-estimated using data from the 
years 1965-1973 which omitted those years for which the value 
of FSL was zero. The resultant equation was: 
APPLICANTS, = -8710.14 + 1.05 (INCOME, ) * a oee04 bole R2=.9198 
COE, teh OAS. (2766727) 


i703). (5.10) [1.70] 


This equation is consistent with previous findings, and 
tius far there is no plausible reason for the negative 
coefficient of FSL,. 
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remained in the inconclusive range. The estimated forms 
of both (4) and (4a) were arrived at using generalized 
meest Squares. The elasticity of applicants with respect 
foeancome calculated to 1.07 at the mean and 1.58 for the 


iy2-/35 observations. 


See tii: PRODUCTION OF A DOMESTIC PHYSICIAN 

Producing a licensed physician from a student enrolling 
in medical school is a complex process. Not only must a 
student successfully enmatiene. This medical school education, 
but he must also satisfy the additional requirements of 
internship/residency. Finally, he must take and pass a 
licensure examination before he is allowed to provide any 
unsupervised patient care. 

fe Medical School Attrition 

Tt 1S somewhat surprising that a conStant representing 

the percentage of entering students that become phySicians 1s 
not readily available. Every year the Journal of the 
fmerican Medical Association publishes precise figures on 
entering students and graduating students, on applicants 
and Meeep tance morescemcaretully se@rcingsouemmll CIpke appli- 
mierons in collecting the data. Statistics on medical 
licensure carefully distinguish between licensees that 
Mmepresent accessions to the profession as opposed to cross- 
ite@emsure between various states. Yet the section on 
student attrition in the annual report on Medical Education 
in the United States is always prefaced by disclaimers 


attempting to explain why these numbers are suspect. 
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Originally, attrition was defined in this revo t 
meee Humber of entering students that failed to graduate 
mere years later. This ignored the possibility that a 
student who did not graduate in four years might graduate 
ioc ive Or Six, having dropped out a year or two for reasons 
wemch might be financial, personal, or academic. On the 
other hand, a vacancy created by a student leaving school 
Wee trequentiy filled by a student transferring in from 
abroad, through programs such as COTRANS (see Appendix D) 
[Ref. 10]. 

Yet the attrition figure computed seemed to be a 
Gem@sonably good estimator, not only because the two 
inaccuracies tended to offset each other, but also because 
miedid in fact present a true picture of how many graduates 
could be expected four years later, given a certain student 
input, and assuming the continued availability of foreign 
meammed American students to fill the vacated spaces in 
total enrollment. The number of enrolled first-year students 
who eventually graduated would be of little value, since 
mamould convert the availability of the finished product 
[miieenad Variable with its own probability distribution, com- 
meeedting any model. But this statistic became useless as 
the three-year medical school graduate came into being. 

Eruormco 1965, only five medical schools offered 
the opportunity for a small number of highly qualified 
and carefully selected students to complete their education 


at an accelerated pace. This was sometimes accomplished 
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through merely eliminating vacations from the schedule, 
but often involved waiving required courses, or combining 
medical school with the pre-med training in a six-year 
Meoetam [Ref. 11]. But every major piece of federal 
Meerolation offering financial assistance to medical schools, 
Meeinning with the HPEA in 1963, included provisions for 
m@eeeial priorities or increased funding for schools that 
shortened the period of education. When the AMA examined 
these shortened programs in 1972, 46 of the 106 degree- 
Smeanting schools made provision for early graduation [Ref. 3]. 
In excess of 10% of the students were permitted to graduate 
im 56 months or less in 26 schools, 12 of which had better 
than 90% of their students in this type of program.** To 
show the impact of three-year programs, if one attempts to 
meply the earlier definition of attrition in the later 
Mmemrod, he soon discovers that, of the 10,401 students 
entering medical school in 1969, 10,424 of them graduated 
moe 73, eroducing a negative attrition of 23 students! 
Seeapplying that technique to the students entering in 
1950 through 1965 and graduating in 1954 through 1969 gives 
mee@onstant of .8953, indicating that 10% is a reasonable 
estimator of ho: Meee RAteCuCUt Noman pet ROd: 

In recent years, JAMA has tabled attrition by the 


Change in total enrollment, determining how many of the 


mO@nemyear earlier, before the CHMTA of 1971 went into 
6ftect, only six schools were in the 90% category. 
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students beginning a school year neither graduated nor 
enrolled in the succeeding school term, and separating the 
merrition rates into year 1, year 2-3, and year 4 in an 
attempt to accommodate the three-year programs (see 
References 3, 11, 12, and 13). Yet even this number was 
modified to indicate that a large number of these students 
Meee not dropping out per se, but rather “pursuing advanced 
aoe. AS a consequence, the values represented in Table III 
as adjusted attrition represent the minimum reportable level 
of attrition, while the unadjusted numbers would reflect an 
Meper bound. | 

Dealing with so few observations, it is only possibie 
memeuess at what attrition should be. A student entering 
a four-year medical program in 1969 would face ec eton 
meees of 2.84, 0.62, 1.28, and 0.24 per cent during 
fer years of school, resulting in a total attrition 
meer ot 4.98%. As an estimator, this could be biased 
downward, because it is taken from the adjusted figures, 
Or upward, because a large percentage of students entering 
in 1969 completed their education in less than four years. 
In any case, given the greater selectivity afforded the 
medical school selection boards by the greatly increased 
number of applicants, it is not unreasonable to assume that 
attrition has fallen substantially in recent years, and that 
a constant of .95 at least provides a probable survival 
rate for medical students during this time. Because the 


great majority of students are in four-year programs, 
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TAD bE TL 
MEDICAL SCHOOL ATTRITION, 1969-1973 


Adjusted Adjusted 
Medr Sinroliment Attrition Attrition Percentage 








1969-70 i 10,401 304 295 2.84 
2/3 18,901 365 79 42 
4 8,367 47 16 19 
37,669 716 390 0s 
meo70-71 1 11,348 293 287 2.53 
2S 20,110 403 1s BGe 
4 9,029 55 9 10 
40,487 asi 421 1.04 
mo - 72 1 12 eel 298 270 2.18 
2/3 PG 77 459 278 1.28 
4 9,612 61 36 37 
43,650 818 584 1.34 
oy2-73 1 egy 216 307 294 2.14 
BY 3 SB 365 Sil 1.07 
4 10,439 46 25 24 
47.546 718 570 eae 


Pemmee: References 3, 11, 12, 15. 
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equation (6) becomes 


co - ceca, (6) 


fering the period 1970 to 1973. 
2. Internship, Residency, and Licensure 

The requirements imposed by the various states 
(the licensing authority) upon a domestic medical school 
graduate before he is licensed are not as varied as might 
be expected. In almost any State, the requirement is to 
Seiplete a Minimum of one year of internship and success- 
fully pass a licensure examination. Any physician desiring 
to enter a medical specialty would undertake a subsequent 
period of resident training, but completion of a residency 
mane Way affects eligibility for iieensuner 

In 1968, the AMA established a goal of combining 
ma@eernship and residency into one consolidated period of 
metining, a policy which is to be in effect for al] AMA- 
meemoved residencies by 1 July 1975 [Ref. 12]. Part of the 
implementation included a policy that the first year of 
residency would be considered equivalent to the internship 
femeall intents and purposes, including licensure. Thus 
one year of subsequent training is the minimum time to 
licensure. 

The examination requirement is a passing grade of 
Memon cach ‘of the three parts of the Federal Licensure 
Meamination (FLEX). The student need not complete the 


entire period of training before taking the exam, and need 
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not take the three parts all at one time or even in sequence. 
Part I involves the basic medical sciences, and may be taken 
memecarly as the second year of medical school. Part II 
memore Specialized, and may be taken during the fourth 

mear Of medical school. Part IIJ is an oral examination 

and may be taken only when the first two have been satis- 
Beetorily completed [Ref. 14]. Thus it is quite possible 
here a Student in his final oer of medical school to have 
passed all the examination requirements and still not be 
licensed for another 18 months, while other students in 
Em@essame class might complete a five-year residency before 
even attempting the exam. Table IV gives the failure rates 
for each part of the examination since 1950. 

The number of individuals who graduate from medical 
school but fail to meet these additional requirements for 
Iiecensure apnvears to be minimal. While many studies of 
attrition in medical school have been reported, no studies 
of attrition during residency/internship could be located, 
Homeare there any intimations of a domestic unlicensed 
physician underground, as there was in the foreign graduate 
Seeror. While the failure rates in Part } are by no means 
insignificant, it should be noted that several schools 
mere all students to take Part I while attending school, 
and there is no penalty for failure to any student taking 
M@eemexam. In reporting the results of testing, the Journal 
Of the American Medical Association does not break down the 


statistics between individuals taking the exam for the first 
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time and individuals with previous failures (as it does in 
reporting the ECFMG results), apparently considering the 
mistinction to be inconsequential. | 

The primary difficulty in defining the transition 
from Student to licensed physician appears to be in identi- 
meee the time period involved. Included in the licensure 
memerstics for each year are medical school sraduates of 
several previous years, and no break-down of the licensees 
is attempted. Consequently the average interval from 
graduation to licensure is unobtainable. 

The general character of the licensure problem is 
thus quite similar to that of student attrition previously 
discussed. In that example, given an input in a particular 
year, a certain percentage of that number would graduate 
four years later, the value of the model by no means 
diminished if these graduating students were not all 
members of the same entering class four years previous. 
Here the same technique was applied, using the ratio of 
new licensees to the number of students graduating one 
year prior, that being the minimum time to licensure. 

Using 21 observations from 1952 through 1972, the 
average value of the constant n was .9595, with a standard 
deviation of .0401. The final form of equation (7) is 


then: 


DMGL, = ogee ‘e 


pal 
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Pye Un erORelGN PHYSTeIAN 


SiemsOlLe OF the foreign trained physician is of 
increaSing importance in the medical care system (see 
Table V). In 1950 the number of physicians trained abroad 
who were newly licensed to practice medicine in the United 
States was 300. By 1970, 3,016 initial licenses were 
granted to foreign trained phySicians while in 1973, 7,419, 
or 44.5% of initial licenses, were issued to foreign trained 
physicians. Viewed from another perspective, the supply of 
aoerors in the United States, as measured by the ratio of 
M.D.'s POmine population, has increased from 145 per 
100,000 in 1950 to 164 per 100,000 in 1970. But without 
tne thie cation of foreign medical graduates this ratio 
would have been virtually the same in 1970 as it was in 
oso. °° 

In the context of a traditional economic model the 
foreign physician represents the short-run response to an 
increase in demand for physicians.”?° Since it takes a 


fmimamum of four years for an increase in the capacity of 





25a11 of the above data are contained in Reference 15. 


26Foreign physicians are defined to include only those of 
foreign origin who attended medical school abroad. Thus 
American graduates of foreign medical schools and foreigners 
who graduate from American medical schools are not considered 
iy this category. In either case the numbers concerned are 
relatively small (see Appendix D, Table XIII). 
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TABLE V 


monet AGE OF ACCESSIONS TO THE MEDICAL PROFESSION 


THAT ARE GRADUATES OF FOREIGN MEDICAL SCHOOLS, 1950-1973 


1950 Soil 

1951 (his? 

1952 8.3 

LO 9.4 

1954 9.8 

1955 le 

1956 _ 11.4 

; 1957 13.6 
1958 14.9 

1959 19.7 

1960 ge? 

1961 19.7 
1962 Ie 
| 1963 TS 
1964 16.5 

1965 Kaur 

1966 18.5 

1967 27ell 
: 1968 *agiasle 
1969 25a 

1970 07S 

1971 5S 

1972 46.0 

cya 44.5 


merece: References 14, 16, 17 and 18. 
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medical schools to produce practicing physicians, any increase 
in demand will have to be met in the short run by foreign 
trained physicians. 

Pael2s7 the Education Council for Foreign Medical 
Graduates (ECFMG) came into being. It was created by the 
American Hospital Association, American Medical Association, 
Association of American Medical Colleges, and the Federation 
of State Medical Boards of the United States for the purpose 
of dealing with mutual problems relating to foreign resi- 
@emcs and interns. By July of 1961, a certifying examina- 
tion was required of all foreign graduates seeking residency 
Om internship in the United States. The stated purpose 
of the examination was to test a candidate's ability to 
understand spoken English as well as his professional 
knowledge. It was hoped that this screening process would 
alleviate some of the existing problems with foreign 
residents. The ECFMG examination is currently administered 
mimee a year in sixty centers located both inside and out- 
meee the continental United States. After successful 
completion of the examination, the foreign medical school 
graduate is eligible for acceptance into a training program 
in the United States. The issuing ae a license to practice 
Medicine rests with the individual states, each of which 
Meats OWn requirements. 

Thus the number of foreign trained doctors can be 
Prolen into two separate parts. First those physicians 


who have permanent residency status and have been licensed 
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to practice medicine in the United States and secondly 
those who are in training as interns, residents, and 
clinical fellows. cams thiissfanstegroupe with whieh the 
model attempts Ge deal. 

The second group was excluded from the model because 
of the absence of specific data relating to its membership. 
In 1963 the Institute of International Education attempted 
to identify those foreign interns and residents who were 
visitors as distinguished from those who were immigrants 
Meet. 19). It was concluded that reliable data concerning 
the number of actual immigrants in this group was just not 
available because some individuals with Immigrant Visas 
were visitors while some with Visitor Visas were potential 
mmigrants. For example, in 1963 twenty-five per cent of 
miose toreigners classified as visitors held Permanent 
Resident or Visitors Visas while Sixty-seven per cent held 
Student Visas. Unfortunately similar data for other years 
does not seem to exist. This instance does point out the 
existence of foreign physicians in the United States who 
are long-term or permanent residents who have never 
metempted to obtain citizenship and thus are ineligible 
to become licensed in the eleven States which require 
either United States citizenship or immigrant visas. In 
memotner states a posted Declaration of Intent to become 
pmertizen is a prerequisite which could also exclude this 


group from licensure [Ref. 20]. 
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Although excluded from the model, the contribution of 
this second group to the delivery of health care must be 
mecognized. At the very least, they provide services 
during their period of internship and residency prior to 
Peturning to their native lands. Im addition, there are 
a large number of foreign physicians in this country who 
mee receiving research training in forms other than intern- 
mompeand reSidency. Much of this training is strictly 
academic in nature, but some trainees are enrolled in non- 
accredited programs which are actually residencies not 
labeled as such because of a licensure requirement which 
the foreign graduates do not meet. 

Prior to 1965, the immigration laws of the United 
States which set national quotas for countries outside the 
Western Hemisphere could have imposed restrictions on the 
incoming flow of foreign physicians.*’ In 1962, these 
quotas were relaxed in the case of persons possessing 
Special education or skills who had made prior application 
for Permanent Resident visas. The 1965 amendment repealed 
tne National quotas and replaced them with preference cate- 
Memes. Members of the professions and persons of excep- 
meena! ability in the arts or sciences are in the third 


category, following unmarried children of citizens and 


27This presupposes that there existed more physicians 
in these countries who wanted to immigrate than the quota 
allowed. 
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spouses and children of admitted aliens. Although to 
practice medicine in the United States the ECFMG examination 
must be passed by the FMG, the Department of Labor has 
placed foreign physicians who have practiced two years in 
@eear native land in this third category independent of 
Byeir ECFMG examination status [Ref. 21}. 

Miiiietne passage of Pl 91-225, which amended the 
Immigration and Nationality Act in 1970, the requirement 
for foreign medical graduates to leave the country upon 
completion of their training is discretionary with the 
Secretary of State. Those who emigrated from a nation 
which the Secretary has determined to require their skills 
or whose training program has been financed by their govern- 
ment must return to their country of origin for a minimum 
myO-year Waiting period. At the end of this time, they 
Temeoieabple to re-apply for entry into the United States. 
Those physicians not in this category do not have to leave 
the United States upon completion of their training. Thus 
there is no constraint whatsoever upon foreign doctors 


entering and remaining from a large number of countries. 


A. DEVELOPMENT OF THE VARIABLES 

As previously stated, the flow of foreign physicians 
to the United States has reached significant proportions 
M@erecent years. The question addressed by the model is 
what factors affect the decision of a foreign medical 


memduate to emigrate to the United States. Luft suggests 
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Meat the principal decision factors can be grouped into 

mur MajOr Categories [Ref. 21}. These are income, the 
@uadity of professional practice, the conditions of practice, 
and the cost of migration. Although Luft suggests methods 
Semcuantifying quality of practice and conditions of practice 
such as developing measures of the availability of support 
personnel (nurses, paramedics and secretaries) and the 

ease of locating in urban areas, this is an extremely 
difficult task when dealing with aggregate numbers over 

time. This made it necessary to develop surrogates for ° 
the factors affecting physician migration. 


metic ool “ot Physicrans Desiring to Practice in the 
United States 


Physicians from overseas come to this country for 
a Wide variety of reasons. There exists at any point in 
time a pool of physicians from abroad who have not been 
mecensed to practice in this country but who are actively 
seeking licensure. Rather than attempting to identify 
and directly model the changing pattern of physician -immi- 
gration to this country and developing a quantitative 
Measure of those factors the following simplifying assump- 
tions were made: 

ily Wisks neewaeene ley of non-economic reasons and 
changing patterns of immigration of foreign physicians can 
be ignored. 

(2) This pool of foreign physicians seeking 
licensure can be modeied as a function of variables which 


Will be designated INCOME and PASS. 
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Mec it ots required by most state licensing 
authorities that foreign medical graduates (FMG's) pass 
jee ECFMG examination before applying for internship or 
residency programs or for licensure, pool is defined as 
the number of foreign physicians in any given year 
actively seeking licensure by applying for the ECFMG 
memianmation. Ihis, of course, restricts the examination 
memene period Since 1958,which was the first year the ECFMG 
examination was administered. 

The ECFMG examination, which is given twice a year, 
may be taken as many times as the individual desires. How- 
ever, the fee for the examination is increased from fifteen 
feelers tor the initial exam to forty-five dollars for sub- 
sequent examinations with a final fifty dollars due upon 
meeeval in the United States or Canada. Our pool can there- 
more be dichotomized into that portion taking the examina- 
frenetor the first time and that portion who are repeaters 
having failed to pass the examination on their first attempt.*’* 

In order to enter the pool one needs only fifteen 
dollars and to remain only forty-five dollars is needed. 
One departs the pool when the examination is passed or he 
gives up. Due to the high percentage of repeaters taking 
the ECFMG examination and the low passing rate, it appears 


to be the exception rather than the rule for an individual 


[For a closer look at the dichotomy of pool, see 
mpendix E. 
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mempase the examination on the first attempt. The mean 
number of examinations failed by one group prior to taking 
the July 1972 exam was 4.4 with a range from one to seven- 
meen [Ref. 22]. It is highly probable that the majority 
of these applicants had spent a minimum of two years in 
mae ECFMG “pool” prior to the July 1972 examination. 


Weeeine Rate of Successful Completion of the Education 


Council for Foreign Medical Graduates Examination 

The variable PASS is defined as the percentage of 
those who take the ECFMG examination and successfully com- 
plete it in any given year. The purpose of this variable 
/mmee serve aS an indication of prospective success to 
individuals when entering the pool and when exiting it after 
having passed the examination. It must be noted, however, 
that this variable also bears a mechanical relationship to 
Moor in that the higher the pass rate in year t, the 
greater the number of applicants who will exit the pool, 
thus, ceteris paribus, leaving fewer to return the next 
year. 

WeeeeePotential Income Indicator 

There are several possible measures of income that 
could be used. It is reasonable to assume that the prospec- 
tive immigrant.is concerned not only with the nominal income 
he can expect to earn in the United States but also with the 
relative change in standard of living he can expect if he 
successfully makes the transition to practicing (STS 1 1018 


fimehe United States. At this point the difficulties in 


age, 





constructing an aggregate model over time must be taken 
into account and simplifying assumptions made. Without 
knowing the precise distribution of the OnTein vot Ronen 
physicians and how the actual or potential earning power 
of the physicians in their native lands translated into a 
memoaard of living relative to what they could expect in 
~me United States, a valid income indicator was difficult 
meeconstruct. 7” 

The variable INCOME in this equation was the net 
median earnings in dollars of self-employed physicians 


Meteticing in the United States.*°??? 


B. SPECIFICATION AND ESTIMATION OF HYPOTHESIZED BEHAVIORAL 
RELATIONSHIPS 


The model specifies two equations to explain the number 
feeeeMG'S who were licensed in year t. The general structural 
form of these equations is given by equations (2) and (3) in 
the model section. The special stochastic forms of these 


Semactions used in this analysis are: 


POOL. =e INCOME | _ PASS, 457i 73) 


21° 822 3*Bos 


229See Appendix H for a more detailed discussion of 
problems involved in the selection of a valid indicator 
Pom ancome . 


3°While income was used in thousands of dollars in equa- 
tions (5) and (Sa), dollars was the unit used in equation ae 
@ 


31Refer to the discussion on income in Chapter III for 
the precise development of the figures used Gee, aac ie ee 
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FMGL, = 6,,+8,,POOL, 4+ iS 


FMGL, is the number of foreign medical graduates licensed 
mameyear t. INCOME, PASS and POOL are defined as previously 
Giscussed but now the exact lag structure is specified. °* 
With data gathered from the years 1958 to 19735, Ondsmary 
least squares was used to initially estimate the coefficients. 
iosysicians Desiring Licensure 
Geiimary least squares réestilted in the folowing, 


estimation of equation (2): 


POOL, = 5914.46+0.908INCOME, -257.81PASS,_, 
D2 
(4969.55) (0.063) (105.33) eae 
[1.19] [14.38] [2.44] 


The Durbin-Watson test did not indicate the presence 
Beerirst-order autocorrelation in the data. Thus it was not 
Meecessary to re-estimate re Eduatlon uUsimne Glo 

Students' t-test indicates that the coefficients of 
both independent variables are significant at the ninety- 
nine per cent level (see Appendix B). If the estimated 
meetricient of income were the true value (the point esti- 
mate was in fact the actual value) equation (2) would 
mieicate that a rise of $1,000 (nominal) dollars in net 


median income three years ago would result in an additional 


$2Various models with different lag structures were 
examined. The estimated equations with the highest adjusted 
Beeticient of multiple correlation were chosen to represent 
mesespecified relationship in the final model. See 
Appendix G. 
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peo FMG's joining the pool this year. The lag at three 
years can be interpreted as the time it takes income informa- 
mon to reach the FMG. Although this appears to be a rather 
lengthy interval, it is not unreasonable. When researching 
the income data, it was found, for example, that Medical 
Economics took approximately 13 months from the end of the 
calendar year before publishing their data. 

The lag period can also be explained as the result 
@erme income to be earned in the United States affecting 
the decision of the FMG prior to his actual graduation from 
medical school. The major point is that potential income 
mathe United States does have a highly significant effect 
on the number of foreign graduates who wish to become 
/mreemsed in this country. This is, of course, what one 
would expect. 

Interpreting the estimated coefficients as the 
@etual coefficient and examining changes in the dependent 
Variable due to changes in the independent variables fails 
to take into account differing units of measure. If the 
estimated coefficients are considered a point estimate, a 
better method of analyzing the changes in the dependent 
variable is to calculate the elasticities with respect to 
the individual independent variables at specific points. 
The income elasticities of pool calculated at the mean of 


both variables and the most recent observation (1973) were 
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1.18 and 1.29 respectively.%% The elasticities are the 
percentage change in the dependent variable brought about 
by a one-percentage change in the independent variable. A 
ten per cent rise in net median income would result in an 
acrease of 11.8 per cent FMG's joining the pool at that 
point in time corresponding to the mean of both variables 
but in 1970 the same ten per cent increase would result 
mies? per cent new physicians in the pool in 1973. 
menitarly the elasticities of POOL, with respect to PASS, 5 
fomemealculated at the mean of both variables and in 1973. 
The corresponding results were -0.44 and -0.23. 
ticmecOcmercilent Of PASS is rather puzzling. One 
would expect that it would have a positive sign indicating 
a behavioral rather than a mechanical effect. A positive 
Seerticient could have been interpreted as a greater proba- 
bility of success encouraging mcre FMG's to join the pool, 
ultimately resulting in more licensed foreign graduates in 
the United States. The negative sign is the result of the 
Sevious fact that a higher pass rate two years ago leaves 
fewer people returning to the pool for the next two years. 
imesddjusted coefficient of multiple correlation for 
this equation was .9538. That is slimes: more than ninety- 
five per cent of the sample variance of the dependent varia- 


ble, POOL, , was explained by the independent variables, 


$3Appendix F tabulates the elasticity calculations for 
all the estimated equations. 
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INCOME, _3 and PASS, 9; as fitted by the least squares 
estimation procedures. 

2. Foreign Medical Graduates Licensed 

Ordinary least squares was first used to estimate 

the coefficients Bay and Bz, in equatiwon (Sj ine; wireban- 
Watson statistic, d, was less than dy Indicating, thempres- 
mec OL ftirSt-Order poSitive autocorrelation in the data. 
GLS was then used to re-estimate the coefficients. The 


mesuitant form of equation (3) was: 


FMGL | = -2805.17 + 0.287 POOL, , R? = .8542 
(1461.89) (0.064) 
[1.91] [4.48] 
Wiomt-test for Significance of the coetfacients 


ma@agiecated that the coefficient of POOL Wels Selb avec ue 


tae 
at the ninety-nine per cent level while the intercept was 
my significant at the ninety-five per cent level. 

The positive sign indicated the larger the pool 
two years ago, the greater the number of foreign medical 
Paguates licensed this year. The elasticities of FMGL 
with respect to POOL, _, Galculated at the mean (or tire 
independent variable) and 1973 values were 2.08 and 1.20, 
mespectively. Regarding the coefficient as a DOdmimes t i= 
mate, this indicates that seen pe Pacem emer Case ta 
members in the pool in 1971 resulted in twelve per cent 
increase in FMG's being licensed in 1973. 


The lag of two years was supported by McGuinness 


in his examination of one group of FMG's in 1972 when he 
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found the average applicant took the ECFMG exam four or 
more times [Ref. 22]. One would also expect a lag between 
POOL and FMGL because not all FMG's are licensed immediately 
Meeer successfully passing the ECFMG exam. Many of them 
mmc aS interns and residents for varying lengths of time 
meer to becoming licensed. 

Mimiecative Intercept 15 most likely the resule 
@ieeextrapolation beyond the range of the data. ** 

iiem@aiusted coefficient of multiple correlation 
Pietnis equation is .854 indicating that over eighty-five 
per cent of the sample variance of FMGL, is explained by 


BOL.» - 


34Nividing the intercept by the coefficient of POOL, , 
would locate the point where the regression line 
crosses the POOL axis. This could be interpreted as the 
minimum pool ae size before licensing occurs. This 
number is 9773 which makes it rather difficult to accept 
memss interpretation. 
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A. THE VARIABLES 

The necessity for insuring that an optimal mix of 
medical specialties is achieved at a time when medical man- 
power is in short supply has been discussed previously. 
A model that could accurately reflect the decision process 
of a medical school graduate in choosing a field in which 
to specialize after graduation wouid be of substantial 


value. The proposed model in its general form is: 


EP! = f. (oc, Jor) , (8) 


Mecalting that Ee 1s the number of physicians entering 
Beecitalty i at time t, Ce Leprescits he oppo rtunae, 
I. 


meee Ot Selecting specialty i in lieu of another, and JO. 
1 


mepresents the job opportunities within that field. 

All of the variables included in that model are varia- 
mees which had to be developed; none were ever specifically 
identified or tabled as such in the literature. Several 
meproaches were taken in an attempt to produce valid repre- 
Sentations of these factors, and each was frustrated by 
incomplete data, redefinitions of data during collection, 
and whole areas which had never been seriously examined. 

ieee Entering Physicians 

White the number of physicians practicing in the 


United States has been reported annually for over fifty 
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years, the first attempt to break down the number of physi- 
clans by the medical specialty which constituted their 
primary activity was not made until 1962, when Congress 
first expressed interest in this information. The first 
report listed each recognized medical specialty, the total 
number of physicians in each field (including interns, 
residents and fellows), the number of interns currently on 
omey in the field, and the percentage of residencies filled 
in each specialty. 

It would appear that the number of licensed physi- 
Cians entering into each field could be estimated with some 
accuracy, given that the number of newly licensed physicians 
representing accessions to the profession is known. The 
number of licensed physicians at the end of year t should 
weal the Jicensed physicians from year t-1 plus the acces- 
Sions to the profession in year t minus whatever attrition 
(death, retirement) occurred during the period. Of the above, 
Omy attrition is not readily available and could be easily 
calculated. This attrition can then be assessed against 
each specialty, on a weighted or uniform percentage basis, 
Mesculting in a representation of the holdovers in each 
[eectalty from year t-1. Subtracting the specialty 
strengths for t-1 adjusted for attrition eon the specialty 
mereneths for year t gives a representation of the specialty 
breakdown for the newly licensed physicians in year t. 

An attempt to develop the variable EPt upp yee) oalgs: 


manner produced several results which could not be reconciled. 
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During the three-year period from 31 December 1967 to 
eaeeDecember 1970, the number of physicians in the field of 
menecal practice dropped from 68,920 to 57,948, an attrition 
moet ,9/7Z during a period in which calculated attrition for 
meementire period was only 5,378! [Refs. 10, 11}. 

During the period 1968-1970, an effort was made to 
redefine medical specialties, and it might appear that a 
large number of general practitioners had simply been re- 
Slassified into another specialty [Ref. 23]. But the logi- 
Me directions of this transfer--pediatrics, obstetrics/ 
gynecology, or internal medicine--showed no comparabie 
increase during this period. The answer must be the 
existence of an extenSive pattern of lateral mobility 
between the various specialties. 

One way to deal with this problem might be to 
approximate specialty selection by the year-end strength 
imeeach specialty, effectively allowing each physician to 
reselect his field of practice. With appropriate time 
lags to allow for preparation, opportunity cost and job 
opportunity should be significant influences in this model 
as well. 

But the data is not sufficient to permit such an 
effort at this time. Only nine data points are available, 
and they are distorted by the redefinition of specialties 
in 1968-1970, and the combination of internships and resi- 
dencies for reporting purposes in 1965 (resulting in an 


apparent net gain in licensed physicians Cie t0256 lata 
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time when accessions totaled only 9,147) [Ref. 10]. Only 
when consistent data has been collected over an extended 
period of time would a serious attempt at modeling this 
process be rewarding. 
fee Opportunity Cost 

The opportunity cost of selecting a medical 
Specialty with less income potential than another should 
Mewa Slenificant factor in the selection process. But the 
development of an estimator of this cost involves more than 
iota COMparison of median income. The period of additional 
training required is an important consideration, and must be 
mmeruced in the variable. <A specialist in pediatric cardi- 
meee y (a fairiy new specialty) is quite high on the income 
Scale. But the time interval from medical school graduation 
met! beginning to earn this income is considerable, in- 
volving a four- to five-year residency in cardiology fol- 
lowed by a two- to three-year fellowship in pediatrics or 
mee@eatric cardiology. Throughout this period of training, 
Mme opportunity cost is considerable, since a resident's 
mimeome is less than half the median income for any medical 
specialty. Only a weighted average of the opportunity costs 
over an extended period could accurately rerlcet themway: 
in which this influences the decision. And this cannot be 
properly developed until accurate income figures for each 
Specialty are known. 

The difficulties in obtaining an overall median 


physician's income have already been discussed, with Medical 
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Peenomics as almost the sole source of information in this 
mold, Information has been published frequently, if 
merepularly, on the median income of physicians in five 
major specialties (general practice, general surgery, 
internal medicine, pediatrics, and obstetrics/gynecology). 
This is subject to all of the previous qualifications with 
respect to the sample used to generate the data, but it is 
the only data available. Average salaries for intern/ 
residents have been published annually by the Journal of the 
mer itcan Medical Association. 

3. Job Opportunity 

Perhaps the best figure to use in representing the 
need for physicians in a particular specialty would result 
from a comparison of the present specialist-to-population 
meplorwith the specialist-to-population projected as 
Soeimal for the nation's health care. But a determination 
of .how many specialists in internal medicine are needed 
per 100,000 population, for instance, has as yet not been 
calculated by either the federai government or the profes- 
sional medical associations. 

Attempts have been made in this direct uonympy, 
several concerns, however. Mason examined the State ine tok 
six large prepayment plans, calculating their spegiallst- to- 
membership ratios and presenting them as a basis fom—es ti- 
mating national specialty needs [Ref. 24|. This generated 
much dissent from the groups. Kaiser Permanente of Portland 


claimed that (1) the ratios used reflected several compromises 
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with projected ideal ratios, and did not represemit Naaser'S 
perception of need for specialists, (2) the ideal ratios 
meme, POpulation-Specific, tailored to the demographics of 

the Portland membership, and as such would be inapplicable 

to the nation as a whole, and consequently these figures 
would not be released [Ref. 25]. The U.S. Navy recently 
published a list of anticipated physician needs Cpacpectalty. 
but these were also calculated against a particular subset 
of the population, and would not be valid in other areas 
meer. 26). 

Some of the individual specialties are examining 
mars problem through their professional societies. The 
American Academy of Family Physicians, for instance, has 
Pmeeqgected a ratio of one family practitioner per 2,500 
population as a minimum goal, to be re-evaluated as the 
eecialty approaches it. 

If one is willing to assume that the distribution 
Siemedical specialists is responsive to the needs of society, 
then the residencies offered in each specialty might be a 
valid indication of job opportunity, and the percentage of 
meprein Cach type of residency a reasonable representation 
Seeche students' response. But again there are distortions. 

General practice, traditionally the primary care 
level of medicine, has reflected a decrease in numbers 
every year since 1964. In 1972, only 59% of the available 
residencies in general practice were filled, a total of 


mezo residents. But incorporated in the statistics on 
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Peveral practice is the new medical specialty of family 
Peaetice, created in 1968 to give proper recognition and 
Meotase CO primary care. Of these 1,026 general practice 
residents reported above, 919 were family Practice =ty pes, 
mobbing 86% of all available first-year resident positions 
fioweo|. this distortion will be present until Such time 
as family practice has grown sufficiently to be listed 

meme separate specialty or until general practice 1s phased 
Out completely, and makes identification of student response 
in this area somewhat difficult. Yet either the response of 
Students to available residencies or the realignment of 
residencies among the various specialties may well prove 


to be a reasonable proxy for job opportunity. 
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YI. CONCLUSION 


fre model in 1ts final form consists of the £ollowing 


equations: 


A, = FMGL, 7 DMGL, ) 

POOL, = 5914.46+0.908 INCOME, ,-257.81 PASS, _, (2) 

(4969.55) (0.063) (105.33) R7= 9538 
[1.19] [14.38] [2.44] 
FMGL, = -2805.17 + 0.287 POOL, . _ (3) 
R*=.8542 
(1461.89) (0.064) 
[1.91] [4.48] 
APPLICANTS ,=7802.93+13.25(INCOME,)?-243.42 FSL, (4) 
oes. 7) 901.45) | (71a) Roam 
[4.05] [9.10] [2.50] 

CAP =4328.07+0.08SCANTS3+27. 99MINFLI, +8. 64NAJFLI, (5) 
(693.95) (0.013) (19.19) (2.86) R?= 9856 
5, 2e le ae [1.45] aon 

GS, = 0.95 CAP, , (6) 
DMGL, = 0.96 GS, 4 On 


It is of interest to note that there are two economic 
variables in this model which are to some extent under the 


control of the federal government, and represent potential 






policy instruments to generate greater physician flow: 
MAJFLI, which is obvious and direct, and INCOME, which while 
not expressly determined by the government, can be sub- 
meamtidally affected by federal policy (national health 
insurance proposals, for instance). 

The length of time required to generate physician supply 
Memaiso Of interest. Suppose that the income of a physician, 
as defined in the model, increased 10% in 1974. This 
increase would generate a 15.8% increase in the number of 
Meee antcs to medical school in 1974, resulting in pressure 
to expand domestic medical school capacity during the years 
1975, 1976 and 1977. The resultant increase in the number 
of medical students would begin to produce additional 
licensed physicians after 1980. 

iiewapplication of a 10% increase in direct federal 
funding of medical schools in 1974 would produce an increase 
Gf almost 2% in capacity by 1977, generating a corresponding 
/rerease in graduates in 1981 and in licensed physicians in 
succeeding years. 

It should be noted that the federal government has 
alternative means of augmenting the flow of physicians, 
in that the creation of a federal medical school will 
directly increase the supply. Given that graduates oi Bl 
federal medical schoo] would be obligated for federal service 
upon graduation, whether or not expenditures inthis cimee= 
tion might prove more efficient in increasing the supply of 


Mlysicians should be addressed in future research, , 
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meoectined version of this model should investigate the 
eepiication of a distributed lag structure in estimating 
mreretfiect of variables involving the flow of foreen phy- 
Betans to this country. This technique might afford 
Beiture users a more accurate representation of this aspect 
meethne model. 

Finally, as discussed very eariy in this paper, the 
federal government has at least two major interests in 
increasing the flow of new physicians, and hence the stock 
of physicians. One is, of course, the concern with insuring 
the provision of an adequate number of phySicians to support 
the population as a whole. The other more specific reason 
Stems from the need to see that a sufficient number of 
meetors voluntarily choose to serve as military physicians. 
It is believed that the present model, expanded to include 
meepecified and estimated “specialty choice" model, are 
Meieessary components of a model which will predict these 


Mimeers. This topic should be addressed in future research. 
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APPENDIX A: BACKGROUND DATA 


TABLE VI 


het MEUEANS INCOME OF SELF-EMPLOYED PHYSICIANS 
Ce ieee Ol ot XPy-FIvay 1950-1973 


Median Income Adjusted by 








ag eee come the Gonsunen Prree Inde. 
1950 b12,049 patO 7 lee 
oS 1 es S 0) 16,898 
eo 2 Beco Soule e 17,443 
ILS as 14,584 Ora Zoek 
Lo os hoy, S10 19,003 
1955 Lie ale VSS 
1956 1 esi58 TAS Sy act! 
OS / 19-055 DL OWE: 
ios 8 ZOR 9 indy Aer) 
IL ee AOD 255.505 
1960 22200 “ind i 0 
1901 (ES) aay) OS) Sll3) 
ee Z Pano U0 IAG ae fare: 
1963 Zoe, O Ci oo) 
1964 2S «one 0 Shoe 
190 5 28,960 30,640 
19606 G7) 0 Gye INOS 
1967 irae) GS 34,745 
1968 Oyen) Oo 35,688 
1969 GS eel, 5 AWG 
1970 oe SUN, Sion ae 
eo 7 1 Or 4 5 0) 55550 
ie / Z Si Ssh 30,308 
ie 7 3 39,100 2005 
Source: Reference 27. 
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TABLE VII 


NET MEDIAN INCOME OF PHYSICIANS PRACTICING IN 
Pen oho Po sUNDER THE AGE OF SIXPWerIVvVE, 1969-1975 


Median Income Adjusted by 





ear Median Income the Consumer Price Index_ 
e269 $40,550 $36,941 
7 0 Fe, 18 )e8) 8 S16 5 1S 
1O)7 1 45,700 o7 2 ese 
eo) 2 Sieur 0 40,753 
ie! 3 O20 U0 5970su 


Source: Reference 27. 
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se VLid 


MeGkootONs LO the MEDICAL PROFESSION, 1950-1973 


Ue 


Domestically Foreion 

Year Se ecaned Trained Total 
2950 5,694 308 6,002 
1951 Sroic 450 Ore 1S 
1952 On S26 569 O Rit 
1953 Grocal 685 eee 4/0 
1954 7,145 IG: Took 
1955 Cerrone 907 te el 
1956 ero Ue 852 1 BAO® 
S'S 7 6,441 1,014 Vaso 
1958 6,643 Its aes) 7,809 
59 6045 LS lOZAG 8,269 
1960 62611 4 9 & ,030 
1961 6,443 hea 0 8,023 
1962 6,648 1255/7 2 OOS 
1963 G85 2 lS 8,283 
1964 6,605 1b SOE Vel 
1965 7,619 ES es: i Le 
1966 (cfs N, 54 Batol 
1967 12545 Wok 9,424 
1968 7 ir aey 3 | PMS S 5,766 
196S AO rp 9,978 
1970 SUIS: SUG 5 ele 05 2 
mo7 1 Lae 4,314 LZ Se, 
m972 ae 18s 6,661 Oreo) 
m7 3 9,270 7,419 1% ,689 
Source: References 14, 16, 17, and 18. 






TABLE 1X 
EDUCATION COUNCIL FOR FOREIGN 


MEDICAL GRADUATES EXAMINATION, 1958-1973 


POGcaL Pest Time Percentage Pereemuea ge 

Hear Applicants Applicants Repeaters Passing Exan 
iS 8 be l42 IL sie 4.2 aS 

5 9 4,840 4,477 a. 44.2 
1960 14,768 Thala Oa 25.5 308 
1961 a2 22 8,204 42.3 So 
1962 a. 535 8 , 906 Sd 41.7 

S10 3 9130 Idee eI A0.5 Sle 
1964 ILS yee Ses iie a0. 3 502s 
1965 DSSS e 9,204 49.3 42.7 
1966 is; 986 Bi TOs qm 41.3 
1967 19,188 SFE 7 38.6 46.0 
1968 ILS), tars: Wav SES SS ce) 5 oS 
1969 277,598 12,447 44.9 200 

ike 7 0 BUS 0 Io OS dh 44.5 3956 

neo 7 1 Ba 05 3 16.525 46.8 5 lan 

or 2 Bem? 2 i556 5 as 40.0 
1973 oy) WPA 18,964 Cas) bSa 
Source: References 14, 28 and 29. 
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TABLE X 


APPLICATIONS AND ENROLLMENT 
FOR MEDICAL SCHOOL, 1949-1972 


penool First Year 
Year Applicants Acceptances Enrollment. 
1949-50 24,434 9,150 7,042 
eo 0-51 EERE E 139 7,254 IS: 
i> 1-$2 19,920 T3602 (Ae SIS 
Moo Z2- 53 G7 03 15178 Ye oas 
mos 5-54 ow 6 Gwe SO 7,449 
1954-55 (LOS) Sits Tote foie 
m5 5-56 Was SS 7.369 7,685 
Pea - 5/7 is i 8,263 8,014 
mI57-58 Sy 7 od 3) ON Sm disd 
oso - 59 set ae 8 5 500 Geez 
1959-60 ee, Sasi 8 ode Slee 
ihoo0-ol1 oo 7 8,560 S,295 
1961-62 4 258) 8,682 8,483 
meio 2-6 5 SG o / 8,959 § 5042 
1963-64 17 4608 SUS 85 ae 
1964-65 TS eG 9,043 8,855 
1965-66 e705 OF ROaG2 Gas 
ecg -0/ 185250 ONS 8,964 
iio 7-68 Say 24 9,702 9,479 
1968-69 Ng NILE 10,092 SSS 
eG 9-7 0 24,465 10,514 1Ogaoa i 
m7 0-71 24,987 11,500 11,3438 
1971-72 2 9a 2 12, SSE As 
mo / 3 Bie os Sys) 7 216 
Memnee: Reference 5. 





minis is not a misprint. 


people were enrolled than accepted. 
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TABLE Xi 


TOTAL MEDICAL SCHOOL CAOAC Pie. 19 4 anne 2 


™~] 
Oar 


School Number of Tonead: Graduating 
Year Medical Schools Enrollment Students | 
1949-50 79 Jon, 1 OS Sab ae 
mo0-51 79 26.11.86 oe Isto 
me l- 52 79 75 OIC 6,080 
ep Z-53 79 27,688 6,668 
me 3-54 § 0 ae PATA Gr cion 
Mmesd-55 81 Zor oo 65977 
mo - 50 82 Zo Ooo eo oS 
memo- 57 85 29,130 6,796 
ee - 58 85 297, 4s 6,861 
mo5c-59 85 29,614 6,860 
1959-60 &5 30,084 7,081 
1960-61 86 SIU ais 6,994 
imo 1-62 &7 $1,078 fe ilo 
ios - 03 & 7 Spb 4S) 7,264 
1963-64 87 S72 ee (Be 10) 
1964-65 8 8 32,428 7,409 
1965-66 8 8 SH, athe (peat 
ooo -67 &9 SS: (ae 
moo /-68 94 S44 7,943 
1968-69 99 35,833 8,059 
1969-70 101 57) .o0e cue) 
1970-71 103 40,487 8,974 
mo 1-7/2 108 ASR Oo oon 
ee 2-73 eZ 47,546 Oa JES) 
Source: References 3 and 23. 






TABLE XII 
FEDERAL OBLIGATIONS TO UNDERGRADUATE MEDICAL 


SCHOOLS IN MILLIONS OF DOLLARS, 1950-1973 


Fiscal Loans and ins (ect ele Mee ke) geht 

hear Scholarships Support Construction Total 
1950 i -- Sane, Sy 
1951 ae | == 5.8 5.8 
9S 2 a5 -~ 12.0 20 
EOS 3 a ie ee oe) 
1954 ae -- es ilies: 
OSS es — eZ ie 2 
1956 ae -- 7.9 7.9 
1957 => -- D6 2.6 
1958 ~- -- 9.4 9.4 
1959 a a Diets oe 
1960 -- -- Balt See 
1961 -- -- 646 ono 
1962 -- -- 6.9 629 
1963 -- 25 Se Fi Sell 
1964 26 == Saas S25 
1965 6 -- Same 6255 
1966 58 Oa 48.8 G542 
1967 POO cers (eS UO So 
1968 18.0 cre) 91.9 S50 
1969 Ie es ADD Goa LS Sao 
1970 eS 7 ey 2 IOS Se L806 
ileal LORS Wo! O78 194.8 
1972 Dia 140.4 545 167.2 
1973 oes les 0 sf 191.5 


Source: Reference 30. 
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ee Je leq IO IUIG 213: 
TESTS FOR SIGNIFICANCE OF COEFFICIENTS 


IN ESTIMATED EQUATIONS 


The null hypothesis, Hy? that the coetficient 1s 
Significantly different from zero was tested against the 
alternative hypothesis, Hy, that the coefficient is equal 
to zero using the students' t-test. <A one-sided t-test 
memised. Whether the null hypothesis is 2a = (0) Ore oe < 
mewenas on the sign of the estimated coefficient. The 
eompuced t Statistic for each coefficient is compared to 
mmeetebled percentile of the t distribution for the given 
degrees of freedom. If the tabled value is less than the 
computed value, the null hypothesis cannot be rejected at 
Mmemleyel of significance represented by the tabled per- 
@emprle of the t distribution. a was chosen in order not 


momrejyect Ay: Pewoscipice at thesl-C Signi: peance ever 
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UES EDA 1G 


TABLED RESULTS OF DURBIN-WATSON TESTS 
H e E A — Z 
 : Cu) = of°1 


Bee COVCU.,U..,) > 0 t=1,...,n 


ee 

SeowblS OF TEST: 
we) Do not reject Se Tac wicks S: di 
(2) Reject Hy JUTE (Chae dy 


os) 1f d, dl x d the test is inconclusive. 


mamoer o£ observations 


3 
H 


x 
Hi 


number of explanatory variables 


Jl-a = significance level 


OLS : Ordinary least squares was used to eStimate the equation. 


GLS : The equation was re-estimated using generalized least 


Squares. 
Equation n k OL d, d i Results 
2-OLS 13 2 201 0270 hehe Py AS (1) 
pa OLS LS 1 .O1 Osa DS ae (1) 
2B-OLS HES 3 aC. Vee 2.10 1.46 Ol) 
OLS 14 2 oa 0.70 0.40 ees (2) 
Gio Is 2 .O1 0.70 a8 Is (1) 
SOS 20 3 02 Ce, tig Se el (2) 
4-GLS 19 3 vee 0.74 0297 ea (3) 
BOLLS 17 4 OF Ones 7 C276 IAS (3) 
Be Gi.S 16 4 20a On o7 Laos 19265 (1) 
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APPENDIX D 
COTRANS 


The Coordinated Transfer Application System (COTRANS) 
Mma Cooperative effort of the Association of American 
Medical Colleges and the National Board of Medical Examiners. 
Its function is to assist United States citizens studying 
medicine abroad who wish to transfer from the foreign medical 
school to advanced Standing in a medical school in this 
country. Although COTRANS has only been operational since 
e700, its existence has resulted in the successful transfer 
SaUnited States citizens from foreign to United States 
Meatcal schools. In 1973, fifty-two per cent of those 
passing the COTRANS examination were successfully placed 
maethis country. This is important since it counteracts the 
increasing number of citizens initiating their medical 
studies abroad which which if pursued to completion and 
resulting licensure in the United States are not accounted 


for by our model. 


§ 0 





Shia iAh U.S. LICENSES 


TABLE XIII 


ISSUED TO AMERICAN 


GRADUATES OF FOREIGN MEDICAL SCHOOLS, 1957-19723’ 


ZZ 
284 
366 
386 


468 


Ces 
ites, 
198 


240 


37noes not include U.S. graduates of Canadian medical 


Seenools. 






OP ENN 6 


POOL 


The pool of FMG's attempting to pass the ECFMG examination 
mom be divided into two groups. The first group, which Will be 
mebed FIRST consists of those taking the exam for the 
Merst time. The remainder, which are labeled RESDUE, are 
mepeaters who failed on their first attempt but remained in 
mie pool. 

Pool was split into its parts and each part wae examined 


Mepearately. The relationships looked at were: 


FIRST, = 18 INCOME, 4 + (2A) 


ZAl 


RESDUE, = INCOME, , + Bopz PASS,_4 * ¥ (2B) 


ona © any 1 1 


Mmemwith pool, ordinary least squares was used and the 
resulting equations tested for autocorrelation. Both 
Sawations were found to be free of AUtOcCOrrelatilon. | ihe 


equations in estimated form are: 


FIRST, = 0.369 INCOME, _, (.8271) (2A) 
(0.012) 
130.246] 
RESDUE, = 8763 + 0.401 INCOME, , - 314.29 PASS, , (.9542) 
(3335.59) (0.035) (69.318) (28) 
[2.62] Pid, 2b) [4.53] 
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The adjusted R? for these equations is: 


a | (2A) 
.934 (2B) 
Income 1S a motivating factor to join the pool and 
mrereased potential income in the future is : primamy. taGior 
in Peevine lier Lanrureser: com aeparting "ene pool. 
The variable PASS, 4 enters the residual equation as 
a mechanical rather than behavioral influence. That 1s, a 
lower pass rate produces more RESDUE. After the previous 


experience with pool this was to be expected. 


2) os 





AEN xe 


SELECTED ELASTICITIES OF THE VARIABLES 


The coefficient of elasticity, E, is defined to be 
percentage changes of the dependent variable divided by the 
percentage change of the independent variable. 


meme relationship is lanear, Y = A + BX, the elas rei ty 


1S given by the formula 


Bel 

i 

we) 
<| >< 


memenie relationship is quadratic, Y = A + BX*, the elasticity 


1s given by: 


These formulas were used as required to calculate the 
elasticities of the dependent variables with respect to 

each independent variable in the estimated equations of the 
model. The B is the estimated coefficient while the X and Y 
values were taken at the mean and most recent observations. 


The results follow. 


E 


Td 
4 


Equation yf x 5 : : 
»X ¥1973?*1973 

Z POOL , INCOME | _ 3 eats Ae 

POOL, PASS, _ 5 =O, 44 =) s 

2A PIRST, INCOME. 0.99 Oe SHS, 

2B RESDUE, INCOME | 4 ia lis 

2B RESDUE | PASS. 4 = lewors 0. 710 
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Equation Y X E- = E 

Y,X ¥1973°*1973 

3 FMGL, POOL, _, 2.08 1.20 

4 APPLICANTS, — INCOME, 0.14 b Di 

4 APPLICANTS, — FSL, S070 -0.18 

AA APPLICANTS, INCOME, 1.07 1.58 

CAP, CANTS3 50 Re 
CAP, MINFLI, ,°%  .0073 0067 

CAP, MAJFLI, 04 12 





38Thesc observations correspond to the 1964 values which 
Mere the last entries for this pair of variables. 
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APPENDIX G 
THE LAG STRUCTURE AND THE 


soci Pe CATION OFF HE MOE L 


When considering the initial specification of the model 
it was suspected that the effect of some of the independent 
variables would not be immediately felt. For this reason 
various lags on these variables were investigated. In 
choosing among alternative specifications of the set of 
independent variables the principle of minaximum correlation 
was used. The equation with the highest adjusted coeffi- 
feent Of multiple correlation, aoe was chosen to be the 
merrect Specification [31}. 

Not all of the alternative specifications investigated 
will be tabulated in this ends. Equations consisting 
of the unlagged variables and the correctly specified 
equations have been tabled in this appendix in order to 
illustrate the results of using the principle of maximum 


merrelation. 





EQUATION (2) 


-? : 
POOL, = : - e - . = 
OL, = 5914.46 + 0.908 INCOME, , ~ 257.81 PASS, , R* = .9538 
(4969.55) (0.063) (105.33) 
aeons (14538) [2.44] 
= 7 S/o 
POOL, = 0.954 INCOME, _, ~ 141.402 PASS,_, R“ = .9521 
(0.051) (39.822) 
[18.472] [3.550] 
POOL, = 10081.66 + 0.679 INCOME, - 308.77 PASS, , R* = .9311 
(6037.01) (0.081) (127.07) 
[1.67] [8.29] [2.42] 


EQUATION (2A) 


= 7 
a h Re f= 627 
FIRST, 0.369 INCOME, _4 
[30.246] 
--2 
PIRST meee Ae 3.2 + O23 59 INCOME, _4 = oa 
(1514.69) (0.045) 
102220 | 7 e 0) 
—2 
PIRST, = 0.338 INCOME, =o 
(O06 ) 
[20.709] 
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EQUATION (2B) 


RESDUE, = 8763.05 + 0.401 INCOME, , - 314.29 PASS, _, R* = .9344 
(3335.59) (0.035) (69.318) 
12.62! [11.21] [4.53] 

-RESDUE, = 8309.70 + 0.367 INCOME, - 295.27 PASS,_, R*° = .9116 
(3929.65) (0.038) (81.338) 
(Zoey [9.49] [3.63] 

RESDUE, = 1461.23 + 0.364 INCOME, , - 83.33 PASS, R* = .9195 
(3813.95) (0.070) (67.55) 
[0.383] [5.17] tL 23] 

RESDUE, = 6136.39 + 0.387 INCOME, - 266.97 PASS, R* = .8900 
(4654.80) (0.045) (95.65) 
Gigs [8.49] [2.79] 


EQUATION (3) 


= 2 
Mich, = —-2805.17 + 0.287 POOL = %ooo9 
mee 
(1461.89) (0.064) 
91 | [4.48] 
=2 
PMGL, =—weseooe./o + 0.210 POOL, R” = .8268 


eco 16) (0.052) 


Pies | [4.04] 
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39 
EQUATION (4) 


APPLICANTS, = 7802.92 + 13.25 (INCOME, ) * ~ 243.42 FSL 


t 
no =O ge 
(1925.69) (1.45) (97.13) 
[4.05] [9.10] [2.51] 
APPLICANTS = 7237.67 + 15.18 (INCOME, ,)* - 280.27 FsL,_, 
R- = .9385 
(1935.50) (Avil emm 
[3.74] ileen 
EQUATION (4A) 
APPLICANTS, = 7384.99 + 10.95 (INCOMB,)* R- = 29660 
OSU) PAs) 
1D. [8.71] 
APPLICANTS, = 9588.33 + 11.63 (INCOME, _,)° R- = 292 7e 


(2063249) (i..61) 


[4.64] 7s Aus) 


Se Taeone is in thousands of dollars 
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CAP. = 4328.07 


O99 5) 
[6.24] 


CAP, = 4067.45 


woe. 29) 


[4.88] 


CAP, moo) 45 


(291.08) 


7 8 | 


a 2A40=rS + (0% 


(0. 


(ke 


Oe 


[9. 


EQUATION (5) 


-985 CANTS3 + 27.99 MINFLI 


013) GES IES) 


28) fae 4 Sa 


-USGmeCONT Som 30. Cae UUNi int 


- 016) (272935) 


Sie) [1.38] 


eile CANS 3-7) O27 Gah Nia 


O72, (34.68) 


Soil [2227.1 


mis CANTS2 + Yo. SS eINE LI 


90 


t- 


i 


ce 


c 


+ 8.64 MAJFLI 


1 


R2 


=a Oo 


(2 -SGy 


0m 


+ 8.46 MAJFLT 


t- 


R° = .9745 
(3.159) 
[2.67] 


R2 


F229 7 ied Fi 


= .9605 


(27343) 


pire | 


+ 4,87 


MAJFLI 


to 


3 
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APPENDIX 
THESCHOLCE OG A VARIABLE TO 
REPRESENT PHYSICIANS INCOME 


fac income of a physician in the United oracee LSeeere 
memty an attractive aspect of the profession. That the 
number of people entering the profession will increase as its 
financial status improves is axiomatic, all other factors 
being equal. 

mewelt proved quite difficult to quantify precisely the 
Meal income of a U.S. physician, given the assortment of 
sengle proprictorships, partnerships, and corporations that 
exist, and even more difficult to identify the alternative 
sources of income that an individual might consider in 
making his decision. 

For the foreign physician, the financial attractiveness 
feemoracticing medicine in the United States can be represented 
in mathmatical terms as: 


a) Pus | SF 
Oo CPi. 


where Sis moetine medvan salaryy Of: @ mhysacian ian the Urs. 
meenominal dollars, Sr 7S Sielarly the median salary 
maeul.S. dollars) of a physician in a foreign country, and 
both are adjusted by the nation's Consumer Price Index, 

Ate, 6) 


US F 
Yet the development of the variable in this form soon 


ert 


proved infeasible, given the time frame of the present 


D1 





project. As a consequence, it was determined to use nominal 
U.S. physician income as an approximation for the true vari- 
able. The justification for this decision is as follows: 


ance dlternatives to using (1) are as follows: 


2) S 
Or 

3) es. 

Cie 


US 


Examining the rate of change over time for expressions 











io gives: 
Dm oa Sys_ Sr \_ Sus Sys SPIys Sp, Sz OPH 
) . a 
PAD eCPL |. CPing ee ee oe, 
US F 
d ‘: 
5) me (ie) ie 
8 re “us Eisen isa 
Cit en een 2 
US, US CPI ye 


The error of the two approximations in terms of deviation 


from the desired measure (1) can be demonstrated by the dif- 


ference between the rates of change. For nominal dollars, 
meer diifterence is (4) - (5), which is: 
) Selon: ; i} ba: sus) 
US i 
_ Sys _ Sus oie Sp SyCPIp 
ETI OP a cag coi Us 


For real dollars, subtracting (6) from (4) yields: 


Shy 





8) d/ °us FE cy US Re ee eo 
dt\CPIys  CPI,} ~ dt\CPT,s} ~ ip) 2” OPI 


The difference in the error between these two terms, 


(7) - (8), becomes: 








5) "Uae Wee us _ é 
CPI 2 US 
TS CPi 
and factoring yields: 
1 ye les 
10) é Se eee 
US| CPT, pe 
US 


US ana Sus will always 


Mempositive in sign and increasing, and CPI 


In times of inflation, CPI 
US will be 
greater than or equal to 1. Thus expression (10) must be 
nonpositive in valuc. 

If the common terms in expressions (7) and (8) are 
positive in value, then the nominal dollar approximation 
might be a better estimator, inasmuch as the addition of 
nagative terms would tend to bring the value of the approxi- 


j[eron closer to the value of the true variable. fhe 


common terms are: 
a ee. Ona - 
which becomes by factoring: 

s, {cPl, =r) 


12) oar bem 
orca (Ce Sr 


25) 





wins expression is only PpOSltive in valuch fer certain 


ranges of the variables. For instance, if no) intlgtion 
Px1sts then CPI,. Sele ee clnicl CIES = ] and CPI, = 0, SO 
the expression reduces to “Sp » positive only when nominal 
foreign salaries are decreasing. If: the rate of increase 


in the Consumer Price Index CXcCGeds (tie 1 at Cr OL asimiedsciaicic 
CPT. Sr 

DT.) | 6G >. CC ENeENP Che expres sae 
CPI, Sp 

is positively valued. But even when (12) is positive, 


in income, i.e., when 


meal dollars is still a better estimator if 


. e ° 
7 Se OI _ Si: fe =a] 


CPI, 





Z ; Sie US 
US CPI 


2 Chia.) s 
US CPlic F F 





since the positive terms would then create an even greater 
error in approximating the time variable. 

mwe between these extremes there exists a substantial 
Tange of values for which nominal dollars is the better 
proxy for this income relationship. In developing the 
variable POOL, both nominal and real income were tested, 
Miaenominal income consistently performed better with res- 
pect to RZ and t- statistic values. Nominal income was 
therefore used as the income variable in the foreign 
miesctcians portion of this study. Analogously, the selection 
of an income indicator for use in equation (4) was severely 
limited by the lack of available data. Ideally alternative 
income that potential physicians might earn in other occu- 
pations should be subtracted from physicians income and 
febated by the Consumers Price Index (CPI). This would 


yield a difference in real terms which would represent the 
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potential gain to a student by choosing the field of medicine. 
But the alternative vocations that future physicians might 
Smoose are not clear. In dealing with an aggregate model 

the whole range of alternatives cannot be completely specified. 
The possible alternatives for which data was available were 
again real and nominal income. Both of these indicators 
were examined analytically in order to determine which would 
meld more realistic results. The equations which follow 
comprise this analysis. The method is similar to that 
used in examining which of these indicators to use in regard 


jenroreion physicians. 


(13) Y, «ott 
CPI 
PT 

14 Ss tt 

(14) Y, 7 

(15) ae 


memation (135) is the desired indicator while (14) and (15) 


Pmeethne available alternatives. 


A PI AL PIE CPI . AT CPI 
(16) diy). PL. AL _ PIcPI , AL CPL 
ae Os Cee ek og ici): 
4 PI PI CPI 
fel? ) ——(Y,) = apy 
a PI” cpr)? 
(18) ep ii 
aro a 





Bauations (16), (17), and (18) are the partial derivatives 
of ali three indicators with respect to time. 


(19) NOC OT WR MARNE ase 


Bt * cpr(@pt - RD 
Ga) CPi Chl ery Al 





Al CI cf 
(20) ——— > Ae oe PEE _ oy 
(epi (CPI) ~ 


Equation (19) is the difference between equations (16) and 


(17) while equation (20) is the difference between (156 and 


(18) 


_ PI CPI 


Pi. 9 Br epi 
(21) p= PL . PECPI _ : 
(CPI) 


PI = Pl(apy - 1) 


Equation (21) is the difference between equations (19) and 
me. If equation (19) is positive and equation (21) is 
negative the analysis would indicate that nominal rather 
than real would be the more appropriate income variable. 


Al 


AI ,CP AL) 
Al 


(22) cpr ‘ep 


—— 





2 


— 


iemecguation (22) is true equation (19) wili be positive. 

Ms if the percentage change in CPI over time is greater 

than the percentage change in alternative income equation 

(19) will be positive. Due to the lack of data the conditions 


making equation (22) true must be assumed. 
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Assuming physicians income is growing with time and that 
Pbte aS increasing with time equation (21) will be Renee 

The following equations which compare the results when 
Sotamating equations (2), (2A), (2B), and (4) of the model 
meaneg both nominal and real income support the hypothesis 
peat nominal income is the better indicator. 


In all cases 


examined the adjusted Ro was highest when uSing nominal 


income. 


SH 





mbternNative Specifications of Model EoWatiom CZ )at 2 emcee) 


EQUATION (2) 


POOL, = 5914.46 + 0.908 NOMINAL, , - 257.81 PASS, , R? = .9538 


2 
(4969.55) (0.063) (105.33) 
[1.19] [14.38] [2.44] 
Meom, = -3177.22 + 1. = 74} Ve 
, 1.44 REAL, , - 469.74 Pass, .°-R* = .9125 
(7074) (0.143) (139.40) 
[0.45] [10.09] ee37) 
7 =2 
om ° N ae = 
POOL, = 0.954 NOMINAL, , - 141.402 Pass, _, R° = .9521 
(0.051) (39.822) 
[18.472] [3.55] 
= = 52 = 
POOL, = 1.41 REAL, _, - 522.537 PASS, _, R’ = .9273 
(0.099) (79.804) 
[14.16] [6.54] 
POOL, = 10081.66 + 0.679 NOMINAL, - 308.77 PASS, . R* = .9311 
(6037.01) (0.081) (127.07) 
las [8.29] [2.42] 
POOL, = -5764.98 + 1.39 REAL, - 486.46 PASS, _, R° = .8672 
(11672.34) (0.32) (174.75) 
[0.49] [4.22] [2.78] 
: 2 
POOL, = 4748.30 + 0.908 NOMINAL, _, - 230.50 PASS, R° = .9462 
(5547.80) (0.087) (108.40) 
[0.85] [10.42] [2.12] 


9§ 





— i + - = 
POOL, = 4645.93 + 1.347 REAL, _, - 353.07 PASS, 
ceoverelo) (0.151) (61 SS) 
(0.54) (S97 [Aare 


POOL, 19841.04 + 0.692 NOMINAL, = C05 PASS, 


(GO 2) (0.074) (By S574 10)) 
[2.61] eR ZS)] essen 7 

POOL, =P ogooe7 2 + 1.262 REAL, aoee Gre) Oreuock. PASS, 
(9564.41) (0.150) (166.62) 
eo (gol mreites| [4.05] 


EQUATION (2A) 


FIRST, = 0.369 NOMINAL, _, 
Kono re) 


[30.246] 


FIRST, = 0.382 REAL,_ 
(Oren 7 ) 


[24266] 


FIRST, = 334.32 + 0.359 NOMINAL, _) 
(1514.69) (0.045) 


[0.220] {7.90] 


FIRST, = -7706.72 + 0.620 REAL, _) 
(2859.95 (0.089) 


(2769) fio 2) 


oF 


aI 


wv 


Cows 


ove 


Mowe we! 


.667/7 


~8144 


1 74 





FIRST, = 0.338 NOMINAL R- = .7300 


LE. t = 
(0.016) 
[20 . 7oe) 
FIRST, = 0.380 REAL, eS 
(0.026) 
[14.43] 
EQUATION (2B) 
RESDUE, = 8763. ; 7 
= 8763.05 + 0.40] NOMINAL, , - 314.29 PASS, , 
go eS OA 
EEKLEELS COMO GD (69.318) 
[2.62] [11.21] sey 
RESDUE, = 1628.60 + 0.675 REAL, , - 346.8112 PASS, , 
Ro (RGCE 
(5206.03) (0.085) (92.99) 
Tomei | 17 loa Bay 
RESDUE, = 8309.70 + 0.367 NOMINAL, - 295.25 PASS, | 
Rane sonnie 
(3929.65) (0.038) (81.338) 
[2.12] [9.49] ieee) 
= 
RESDUE, = -321.40 + 0.667 REAL, - 309.12 PASS, | R- = .8240 
(G95 62 (Om oG) as air) 
momOd lose [2.68] 
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RESDUE, = 1461.23 + 0.364 NOMINAL, | - 83.33 PASS, 7 
= 


, Ro = .9195 
(3813.95) (0.070) (67.55) 
[0.383] M5217] les ee 
RESDUE, = -1774.77 + 0.706 REAL, _, - 293.92 PASS, R* = .8199 
(6646.87) (0.103) (Ql 7 247) 
[0.26] [6.84] [2.30] 
RESDUE, = 6136.39 + 0.387 NOMINAL, ~ 266.97 PASS, R? = .8900 
(4654.80) (0.045) (95.65) 
[Lal Sal [8.49] 26 79) 
RESDUE, = SalphOMocm 0-700 REAL - JG OSIM R* = .8619 
(6008.57) (0.094) (104.80) 
[0.218] [7.40] [3.04] 
EQUATION (4) 
APPLICANTS, = 7802.92 + 13.25 (NOMINAL, )“ = WN AD STs 
R? = .9739 
(1925.69) (1.45) (97 <a) 
[4.05] [9.10] 2 ode) 
APPLICANTS, = -3731.78 + 25.53 (REAL, )* - 229.73 FSL, 
Rowe Ages 
(5878.74) (5.54) lig 20) 
[0.63] [4.60] [1.34] 


Ou 





EQUATION (4A) 


APPLICANTS, IM 05). igs) ee Os (NOMINAL, ) * R- = .9660 


(2a 0) ECL. 2.5) 


[2267 | [8.71] 


APPLICANTS, = ~350.31 + 20.01 (REAL, )“ R? = .9286 


(55 /omee) (37.80) 


[0.06] L325) 





ep)... 
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